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Introduction

1 INTRODUCTION

This document presents the structure of the optical connedions used in the GLASS framework. The
connections are used as input for the algorithms (routing and wavelength assgnment) to compute the
routes and light paths between two optical nodes [1]. The algorithms can be static (no simulation

time) or dynamic (message exchanges during the simulation).

2 GENERAL STRUCTURE

This ®dion introduces the structure used in GLASSto store the information about the cnredions,
the routes, and the lightpath. All the classs related to the connedions are locaed in the padage
gov.nist.antd.optical.path.

First the processof credion of an optical connedion is as follow:
- Credion of an opticd connection objed and its quality of service
- Runof arouting algorithm that will try to compute one or more possible routes acording to
the quality of service requested.
- If therouting is done, then running of a wavelength algorithm to create alightpath and reserve
the resources (lambdas).
GLASSalso provides the use of Routing and Wavelength Assignment (RWA) algorithms that creaes
the route and the lightpath in one step. For more information about the algorithm see[2].
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Storage of connedions
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Figure 1 Overview of the connedion's gructure

The sedion 4 presents each component of the wnnedion in detail .

3 STORAGE OF CONNECTIONS

In the glass framework, al the connedions are stored in path containers to fadlitate their
management and to find them during the simulation.

There are multiple path containers per net, defined by their name (usually the name of the routing
algorithm of the conredion).

The path container is defined as follow:
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PathContainer
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Figure2 UML diagram of PathContainer

-NETWORKS Hashtahle

-hackup

The Hashtable NETWORKS is used to separate the path containers of different networks. This allows
having multiple path containers with the same name but in different network.

The name identifies the path container in the net.

The path container stores alist of route that can be retrieved acoording to the conredion id (uniquein
the net), the source and destination node, a specific link or also all the amnnedions contained in the

path container.

4 |IMPLEMENTATION DETAILS

This ®dion goes in detail s on each component that compose the mwnnedion:
- OpticalConnedion
- OpticalPath
- OpticalChannel
- OpticalChannel Segment

4.1 OPTICAL CONNECTION

The OpticalConnedion is the first element creaed in order to setup a wnnedion between two nodes.

Its configuration takes an important place in the simulation.
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OpticalConnection
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The source is the optical node that is trying to connedion to the destination. This connedion has
some @nstraints defined in the QoS (see4.1.1 for explanation of the QualityOfService).

The result of a routing algorithm on a @wnnedion is that creaion of one or more possible routes,
stores in the Vedor routes (see for explanation of the structure of the routes). Once the routing
algorithm has run, the wavelength assignment algorithm is using the information of the routes to
creae apath. This lightpath is defined in GLASSby the classOptical Path.
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One goal of GLASS s to aso help on the study of fault/restoration algorithm; the connedion also
provides badkup information. A connedion can be protected (then it has a backup) or protect a set of
connections (attribute protectionFor).

Finally, before a @nnection can be used, a protocol must register to the path. This also allows the
framework to make sure that there is only one user at a specific time for a route. Once aprotocol

registers to a connedion, it beacmes the owner.

4.1.1 THE QUALITY OF SERVICE

QualityOfService

-bandwidth : double =25
-delay ; douhble
+addSrlgl newSrlg : Integer ) : void -y ;
+eonfigl net : ket ofy : Configuration ) : vaid String
+getBandwidth : double -wravelangth
+getDelay : double -routing
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+etRYWAD ;- String
+etsSrad  Vector
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+getiavelengthAlgarithmd ; String

+igREWAD  hoolean

+CLaliOfSenvice

+ualitvorsenicel bandwidth © douhble, routing : String, wavelenath ; String )
+aLaliOfSenicel bandwidth : double, rwa : String 3

+setBandwidthi handwidth : double ) ; waid

+setDelay delay : double d ; woid

+setRoutingAlgorithmi newRouting ; String ) ; woid

+EetRWAL new WA String ) wvoid

+setavelengthAlgorithm newsavelenath © String ) waid

Figure 3UML diagram of QualityOfService

The QualityOfService represents the constraints for the algorithms on the path in order to satisfy the
requested conredion. It also contains the name of the algorithms that must be used (routing,
wavelength and RWA). The mnstraints are the minimum bandwidth of the connedion, the maximum
delay and a more complex one, the Shared Risk Link Group (SRLG).

The use of the dtribute depends on the algorithm. For example, the ShortestPathDistance does not
consider the delay of the SRLG to compute the route, but the ShortestPathSRL G consider the SRLG
(but not the delay).

It is also not possible to request a routing algorithm and a wavelength algorithm in the same time as
an RWA algorithm, because there would be a onflict.
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4.1.2 THE ROUTE STRUCTURE

The route is gecified by the links that the lightpath can go. As it is possible to have multiple links
between two nodes, GLASS framework uses a mechanism of bundle. The class
gov.nist.optical.util.PtPBundle represents the bundle of links.

The following example shows how the bundle works.

1E2E3[—-4B

5 6, 7

Figure 4 Example aroute

In this example, let’s suppose that a routing algorithm as found that the optimum path is the blue
path. Then at the seaond stage, there ae two possible links. The internal structure that neels to be
creded isaVedador of PtPBundle; in this case 3 elements must be aeaed.

- Inthefirst one, put the link 5,

- Inthe second one, put the link 6and 7,

- Andinthelast one, thelink 4.
The wavelength algorithms are working on this internal structure to find the path.
Note: GLASS provides tools to help the aedion of the route structure in the class PathUtil (see[3]

for more information).

4.2 THE OPTICAL PATH STRUCTURE

The optical path is the seaond step in to succeeal the aedion of a wnnedion. This sdion shows the
structurethat is credged by the wavelength algorithm.
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4.2.1 THE OPTICALPATH

OpticalPath
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Figure 5 UML of OpticalPath

There is a double linkage between the Optical Connedion and the OpticalPath so that it makes easier
to go through the cmponents of the connedion.

The OpticalPath is composed of a set of OpticalChannel. Each of the channels is an end-to-end path
from the source to the destination. It is possible to have more than one channel in order to have a

higher bandwidth. The class also provides the methods to add/remove channels.

4.2.2 THE OPTICALCHANNEL AND OPTICALCHANNELSEGMENT

As mentioned before, the OpticdChannel is an end-to-end connection. It is composed of segment.
Eadh of the segments represents the lambda that has been reserved by the wavelength algorithm for
each link that composes the route.
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Figure 6 UML diagram of OpticalChannel and Optical Channel Segment

The role of a wavelength algorithm (or the wavelength part of a RWA algorithm) is to find the
wavelength that can be used in al the links of the route computed by the routing algorithm, and to
creaethe previous gructure.

5 USING THE COMPUTED CONNECTIONS

Once the route and the lightpath have been computed, the resources have been reserved. But it is not
enough to use aconredion. The switches must also be setup along the path.
To do so, 2 methods can be used:

- Instantaneous stup of the switches. In this case, a @l one of the method conneaSwitches ()
in the class ConnedionUtil (see[3]) will connedion the lambdas together at the intermediate
nodes and also conned the add ports a the source and the drop ports at the destination so that
the mnnedion isready to use (except if there is an error while configuring the switches).

- Dynamic setup of the switches. GLASSallows a dynamic configuration by sending messages
to the nodes that compose the path in order to setup the switches (even the route and path
might also have been dynamically computed).

A protocol hasto register to the connedion in order to get the right to send deta
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